148
Similar to red-backs, red efts are very common and abundant in our study area 149 (Mathewson 2014). As the juvenile terrestrial phase of the eastern red-spotted newt (family 150 Salamandridae) red efts spend approximately 4-7 years in upland forests before returning to 151 aquatic habitats to breed (Healy 1973 (Healy , 1974 . Red efts prey on a great diversity of invertebrates 152 including land snails, mites and ticks, springtails, adult flies, and caterpillars (MacNamara 1977, 153 Burton 1976). However, toxins in their skin make them less attractive prey than other terrestrial 154 salamanders to predators such as birds and snakes (Uhler 1939 , Hurlbert 1970 . This toxicity are independent from one another; and 3) there is no unexplained heterogeneity in detection 201 ability or habitat during the sampling period. Detection probability is the probability that a given 202 species will be found in a particular location, given that it is known to be present in the area (i.e.,
203
given occupancy = 1). Estimation of detection probability is based on occurrence information for 204 the species from multiple sampling occasions in each site. Details about estimating both 205 occupancy and detection probabilities are described in detail by Mackenzie et al. (2002) . as a measure of relative abundance. Because our focus was on using abundance only as an index
211
of population size, we did not adjust our estimates of abundance for detection probability. We
212
have shown elsewhere how to use detection probability to better estimate actual abundance of 213 these species from ACO and searches of leaf litter along transects (Siddig et al. 2015) .
214
We estimated both occupancy and detection probabilities of red-backs and red efts using detection probabilities were based on best model which has the lowest AIC value (Table 2 ).
222
Although we could estimate detection and occupancy for red-backs for all four sampling years,
223
we could estimate these quantities for red efts only for 2014, as sample sizes for this species Last, we examined potential relationships among decline of T. canadensis, other elements 226 of habitat change, and abundance of salamanders using analysis of covariance (ANCOVA).
227
Because habitat variables (understory vegetation -seedling density and seedlings percent cover)
228
were strongly correlated, we first calculated a multivariate (principal component) score for them 229 using the prcomp() function in R. We then used the ANCOVA model described in Ellison et al. 
Results

248
Prior to applying the treatments, the occupancy probability of red-backs in the hemlock- 
255
One year after the canopy-manipulation treatments had been applied, the occupancy 256 probability of red-backs had substantially increased to almost 100% in all plots (Fig. 1A) hemlock-control plots was 1.6 individuals/m 2 , five times higher than in the girdled plots, seven 276 times higher than in the logged plots, and about two times higher than in the hardwood plots.
277
Analysis of covariance revealed that there were no significant direct effects of canopy 278 treatment, understory density, understory cover or relative humidity on the relative abundance of 279 red-backs (Table 3) . However, interaction between canopy treatments and relative humidity (Fig. 2) . However, the precision of the density 287 estimates as indicated by the standard errors was higher in the hardwood plots (SE = 0.002) than 288 in the hemlock plots (SE = 0.005).
289
Ten years after canopy manipulations, the relative density of red efts was significantly 290 lower in the logged and girdled plots (F3,8 = 4.07, P = 0.04; Fig. 2 ). However, red efts occupied 291 equivalent areas in all plots and occupancy probability in all four plots was 100% (Fig. 2) .
292
Detection probability in the hemlock-control plots was twice that of the logged and girdled plots 293 and 1.5 times greater than in the hardwood plots (Fig. 2) . Analysis of covariance revealed no red-backs also declined in the logged and girdled stands ten years after the treatments.
322
Our results also suggest that the relative abundance of red-backs will take at least 50 323 years to recover to their relative abundance observed prior to logging if the 40% rate of increase 324 observed between one-year post-treatment and ten years' post-treatment continues (Fig. 1C) 
